INTRODUCTION
============

The prevalence of type 2 diabetes mellitus (T2DM) is considerably increasing worldwide \[[@B1]\]. In Korea, approximately 5.0 million individuals (14.4%) aged 30 years or older have T2DM \[[@B2]\]. Given the progressive nature of the disease, combinations of various glucose-lowering agents are often needed to achieve glycemic targets \[[@B3][@B4]\]. To overcome unmet needs for glycemic control, several new classes of anti-diabetic agents have been recently introduced for better management of T2DM.

Sodium-glucose cotransporter-2 (SGLT2) inhibitors act by inhibiting renal glucose reabsorption, thereby enhancing glycosuria and reducing blood glucose levels \[[@B5][@B6]\]. The efficacy and safety of SGLT2 inhibitors have been reported in several randomized controlled trials (RCTs), which demonstrated improved glycemic control and significant reductions in body weight and blood pressure (BP) with a low risk of hypoglycemia \[[@B6][@B7][@B8]\]. The recent Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients-Removing Excess Glucose (EMPA-REG) and Canagliflozin Cardiovascular Assessment Study (CANVAS) showed that the SGLT2 inhibitors empagliflozin and canagliflozin have additional benefits of reducing adverse cardiovascular outcomes compared with placebo \[[@B9][@B10]\]. According to the position statement published by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes, SGLT2 inhibitors are recommended as second or third-line agents in patients who failed to achieve glycemic target with one or more oral anti-diabetic drugs (OADs) \[[@B3]\]. In addition, because their mechanism of action is independent of insulin secretion or action, SGLT2 inhibitors can be safely combined with insulin therapy and are even effective in patients with long-standing diabetes with β-cell dysfunction \[[@B11][@B12]\].

Recently, several real-world data from clinical practice settings were reported which showed similar glucose-lowering efficacy of SGLT2 inhibitors as add-on therapy to those from previous RCTs and meta-analyses \[[@B13][@B14][@B15]\]. These findings were consistently observed in Korean patients with T2DM \[[@B16][@B17][@B18]\]. In actual clinical practice, it may also be considered to change an OAD to other class of OAD if glycemic goal is not achieved, which means switch therapy. Here, we aimed to evaluate the efficacy and safety of SGLT2 inhibitors as add-on therapy and as switch therapy from a real clinical practice perspective in Korean patients with T2DM who exhibited inadequate glycemic control.

METHODS
=======

Study population
----------------

This was a single-center retrospective study conducted at Seoul Metropolitan Government Seoul National University Boramae Medical Center. The eligible study participants were T2DM patients with inadequate glycemic control (glycosylated hemoglobin \[HbA1c\] ≥7.0%) who started SGLT2 inhibitors (dapagliflozin or empagliflozin) between February 2015 and June 2017. Given the patients\' visit schedule to the outpatient clinic, we regarded the 4 weeks before and after 12 weeks of treatment as an acceptable window for the follow-up HbA1c assessments. Among the 851 initially screened patients, we excluded patients with baseline HbA1c \<7.0%, those who had previously used SGLT2 inhibitor, those who took a low dose of SGLT2 inhibitor (dapagliflozin 5 mg) or with poor treatment adherence for primary analysis, had considerable change in OAD class or dose at the initiation of SGLT2 inhibitor or during the treatment, and were not available for baseline or follow-up HbA1c test. We further excluded patients who received SGLT2 inhibitor as monotherapy or received it in combination with other treatments deemed ineligible for the analysis in the present study. The patients were divided into two groups according to their use of SGLT2 inhibitor: the add-on group (i.e., those who used SGLT2 inhibitors in addition to other OADs) and the switch group (i.e., those who switched from other OADs to SGLT2 inhibitors). The add-on group was further stratified by background therapy as add-on to metformin (MET), MET+sulfonylurea (SU), MET+SU+dipeptidyl peptidase 4 (DPP4) inhibitor, and insulin±OAD. Meanwhile, the switch group was further stratified by previously received OADs as switch from DPP4 inhibitor, SU, and thiazolidinedione (TZD). Finally, 410 patients (207 patients in the add-on group and 203 patients in the switch group) were included for analysis. The flow diagram for patient selection is shown in [Fig. 1](#F1){ref-type="fig"}.

Patient characteristics including age, height, body weight, BP, duration of diabetes, comorbidities, and concomitant medications for hypertension, dyslipidemia, and cardiovascular disease were examined at baseline.

This study was approved by the Institutional Review Board of Seoul Metropolitan Government Seoul National University Boramae Medical Center (No. 10-2017-27) and was conducted in accordance with the Declaration of Helsinki. The need for informed consent was waived due to the retrospective nature of the study.

Efficacy and safety assessments
-------------------------------

The primary efficacy endpoint was a change in HbA1c between baseline and week 12 (±4 week). The secondary efficacy endpoints were changes in fasting plasma glucose (FPG), lipid profiles, BP, and body weight after 12 weeks of treatment. The proportion of patients who achieved the glycemic target of HbA1c \<7.0% was also evaluated following ADA 2017 recommendation \[[@B19]\]. We further investigated clinical characteristics of patients who have shown good response to SGLT2 inhibitor therapy. We defined good responders as those with HbA1c \<7.0% or a decrease in HbA1c of more than 1.0% at 12 weeks after SGLT2 inhibitor therapy \[[@B20]\].

The safety evaluations included self-monitored hypoglycemia and adverse event of hepatic and renal function based on medical records during the treatment with SGLT2 inhibitors. Hepatic adverse event was defined as over 3-fold increase of alanine aminotransferase (ALT) or aspartate aminotransferase (AST) of the patients\' baseline levels. Renal adverse event was considered as a ≥30% decline of estimated glomerular filtration rate (eGFR) from baseline levels as calculated using the Modification of Diet in Renal Disease-equation (mL/min/1.73 m^2^) \[[@B21]\].

Laboratory measurements
-----------------------

HbA1c level was determined using high-performance liquid chromatography (SST; Becton, Dickinson and Company, Franklin Lakes, NJ, USA). FPG was measured in the 12-hour fasted state using the glucose oxidase method (Hitachi 747 chemistry analyzer; Hitachi, Tokyo, Japan). Fasting insulin level was measured using an immunoradiometric assay (DIAsource ImmunoAssays, Nivelles, Belgium). The homeostasis model assessment (HOMA) was used to evaluate pancreatic β-cell function (HOMA-β) and insulin resistance (HOMA-IR) \[[@B22]\]. The fasting total cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), and triglyceride (TG) levels were measured using an enzymatic colorimetric method (Toshiba Medical System Co. Ltd., Tokyo, Japan). The serum concentrations of AST, ALT, and creatinine were measured using a Hitachi 747.

Statistical analysis
--------------------

All measurements were expressed as the mean±standard deviation (SD) or number (%). Categorical variables were compared using the chi-square test. The changes in HbA1c, FPG, body weight, and lipid profiles between baseline and week 12 within each treatment group were analyzed by via paired *t*-test. Comparisons across the treatment groups were performed using analysis of covariance after adjusting for their baseline levels. The changes in each parameter were presented as adjusted least square (LS) means and standard error. The predictive factors for SGLT2 inhibitor response were obtained using univariate and multivariate logistic regression analyses. Risk was reported with odds ratios and 95% confidence intervals (CIs). A *P*\<0.05 was considered statistically significant. All statistical analyses were performed using SPSS statistics version 21 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS
=======

Baseline characteristics of study subjects
------------------------------------------

The baseline demographic and clinical characteristics of study subjects are presented in [Table 1](#T1){ref-type="table"}. The mean age was 59.6 years, and the mean duration of diabetes was 12.0 years. Approximately 37.6% of patients were older than 65 years. The mean body weight was 71.6 kg, and the mean body mass index (BMI) was 27.3 kg/m^2^, with 46.3% of patients classified as obese (BMI ≥25 kg/m^2^) according to the definition of obesity for Asians \[[@B23]\]. Approximately 37.6% of the patients were treated with insulin in overall patients. The proportion of patients with titration for insulin doses (\>10% of the baseline) was 20.1% \[[@B24]\]. The patients\' clinical characteristics were comparable between the two groups except for the type of SGLT2 inhibitor therapy, in which a higher proportion of patients were receiving dapagliflozin as add-on therapy than switch therapy (*P*=0.001).

At baseline, the average HbA1c was 8.6% in the add-on group and 8.4% in the switch group. The mean concentration of FPG was significantly higher in the add-on group than that in the switch group (164.8 mg/dL vs. 148.4 mg/dL, *P*\<0.001). Meanwhile, BP and lipid profiles did not differ between the two groups. In addition, there were also no significant differences in the baseline AST, ALT, serum creatinine, and eGFR levels. The add-on and switch therapy groups were also similar in terms of the prevalence of hypertension, dyslipidemia, or cardiovascular disease and use of concurrent medications including statins, fenofibrates, omega-3 fatty acids, angiotensin-converting enzyme inhibitors (or angiotensin II receptor blocker), or anti-platelet agents.

Efficacy
--------

At 12 weeks, SGLT2 inhibitors exhibited a significant reduction in HbA1c levels of −0.68% (95% CI, −0.78 to −0.58) in the overall patients (*P*\<0.001). The mean adjusted HbA1c decreased by −0.94% in the add-on group, and by −0.42% in the switch group (both *P*\<0.001). The between-treatment difference in the LS mean change was −0.52% (95% CI, −0.68 to −0.37; *P*\<0.001) ([Table 2](#T2){ref-type="table"}). There was a significant reduction of −25.1 mg/dL (95% CI, −29.5 to −20.8) in the FPG level in the overall patients (*P*\<0.001). The add-on group and switch group exhibited −30.3 and −19.8 mg/dL of reduction in FPG levels, respectively (both *P*\<0.001). The between-treatment difference in the LS mean change was −10.5 mg/dL (95% CI, −16.6 to −4.4; *P*=0.001). In the overall patients, there were also considerable reductions in serum TG level, body weight, systolic BP, and diastolic BP of −16.5 mg/dL (95% CI, −24.2 to −8.7), −2.1 kg (95% CI, −2.4 to −1.7), −4.7 mm Hg (95% CI, −6.1 to −3.2), and −1.3 mm Hg (95% CI, −2.4 to −0.2), respectively. Serum HDL-C, LDL-C, and eGFR levels did not differ between baseline and week 12.

We further compared changes in cardiometabolic parameters in each treatment group according to the background glucose-lowering therapy. In the add-on group, the glucose-lowering effect did not differ between add-on to MET, MET+SU, and MET+SU+DPP4 inhibitor (LS mean change of −1.20%, −1.16%, and −1.06%, respectively), whereas, insulin add-on showed a smaller reduction of HbA1c than that in other regimens (LS mean change of −0.71%; between-treatment difference from add-on to MET of −0.49% \[95% CI, −0.84 to −0.15; *P*=0.001\]). The magnitude of HbA1c reduction did not differ among previous OADs in the switch group ([Table 3](#T3){ref-type="table"}). We observed an increase in serum TG level for switching from TZD compared with switching from DPP4 inhibitor (*P*=0.002). There were no between-treatment differences in FPG, LDL-C, body weight, systolic BP, and diastolic BP in both treatment groups according to the background therapy ([Supplementary Tables 1](#S1){ref-type="supplementary-material"} and [2](#S2){ref-type="supplementary-material"}).

The proportion of patients who achieved HbA1c \<7.0% was 18.3% in overall patients, 23.7% in the add-on group, and 12.8% in the switch group (*P*=0.004). Among the patients with baseline HbA1c levels \<8.0% (*n*=158), 50.0% in the add-on group and 23.9% in the switch group achieved HbA1c levels \<7.0% at week 12 (*P*=0.001) ([Fig. 2](#F2){ref-type="fig"}). In the add-on group, 46.6%, 47.4%, 11.5%, and 9.0% of the patients in the add-on to MET, MET+SU, MET+SU+DPP4 inhibitor, and insulin±OAD subgroups, respectively, exhibited HbA1c \<7.0% at week 12 (*P*\<0.001). In the switch group, 15.8%, 7.4%, and 11.4% of the patients in the DPP4 inhibitor, SU, and TZD subgroups, respectively, exhibited HbA1c \<7.0% (*P*=0.305).

In overall, 171 patients (41.7%) experienced HbA1c \<7.0% or a decrease in HbA1c \>1.0% and were categorized as good responders. Higher baseline glycemic parameters (HbA1c and FPG) and higher HOMA-IR were associated with a SGLT2 inhibitor response. Patients receiving insulin therapy showed a poor response to SGLT2 inhibitors ([Table 4](#T4){ref-type="table"}). To identify predictive factors for good responders, we performed logistic regression analyses. Using univariate analysis, higher baseline HbA1c and FPG levels, and no insulin therapy were associated with a good response to SGLT2 inhibitors. Even after multivariate analysis, higher baseline HbA1c and no insulin therapy had significant associations with good responders ([Supplementary Table 3](#S3){ref-type="supplementary-material"}). In subgroup analysis, higher baseline HbA1c and no insulin therapy were significantly associated with good responders in the add-on group, whereas only higher HbA1c level remained significant in the switch group using multivariate analysis ([Supplementary Tables 4](#S4){ref-type="supplementary-material"} and [5](#S5){ref-type="supplementary-material"}).

Safety
------

In the present study, two patients showed treatment-emergent ≥3-fold increase in ALT or ALT compared with baseline levels. However, the actual AST and ALT levels were within normal limits, indicating no clinically relevant hepatic adverse event. Four patients showed more than 30% decrease in eGFR levels after initiation of SGLT2 inhibitor. All four patients had baseline eGFR levels of ≥60 mL/min/1.73 m^2^, and only one patient had eGFR \<60 mL/min/1.73 m^2^ after starting SGLT2 inhibitor treatment. No patient required renal replacement therapy during the treatment period.

Overall, hypoglycemia and genital tract infection was observed in 26 (6.3%) and nine patients (2.2%), respectively. The frequency of hypoglycemia was higher in the patients receiving insulin therapy than those receiving OADs (10.4% vs. 3.9%, *P*=0.009). Diabetic ketoacidosis did not occur during the treatment period.

DISCUSSION
==========

In this real-world study, we demonstrated that SGLT2 inhibitors significantly improved glycemic control in Korean patients with inadequately controlled T2DM (change in HbA1c of −0.68% in the overall study population; −0.94% in the add-on group; and −0.42% in the switch group). Treatment with SGLT2 inhibitors also exhibited significant improvements in FPG, TG, body weight, systolic BP, and diastolic BP. Our findings are consistent with previous RCTs that support the efficacy of SGLT2 inhibitors in patients with T2DM in a real-world setting.

Because previous RCT data were limited to analyses for add-on therapy, we separately examined the efficacy SGLT2 inhibitors as add-on and switch therapy. SGLT2 inhibitors when used in combination with OADs or insulin were shown to be significantly effective in reducing HbA1c, and this finding was comparable to the results from RCTs \[[@B7]\] and those from the real-world setting \[[@B25][@B26]\]. The glucose-lowering efficacy of SGLT2 inhibitors did not differ between its combination with MET, MET+SU, and MET+SU+DPP4; however, the efficacy was greater than that in the combination with insulin. Meanwhile, the adjusted mean change of HbA1c with add-on to MET (−1.20%) was greater in the current study than those from RCTs (−0.94% to −0.56%) \[[@B27][@B28][@B29][@B30][@B31]\]. The efficacy of SGLT2 inhibitors as an add-on to MET+SU in HbA1c reduction (−1.16% vs. −1.06% to −0.82%) was better in the current study than that reported in RCTs \[[@B32][@B33][@B34]\]. Meanwhile, the observed reductions of HbA1c in the other add-on subgroups ([Table 3](#T3){ref-type="table"}) were comparable to those obtained from RCTs, and these findings seem to be attributed to higher baseline HbA1c level in our study than those in previous studies.

The additive glucose-lowering effect of SGLT2 inhibitors to insulin was greater than those reported in a meta-analysis (HbA1c reduction, −0.71% vs. −0.56%) \[[@B12]\]. In our study, insulin doses were self-titrated for the individual patient during the treatment period. Along with the insulin-independent mechanism of action, SLGT2 inhibitors may also improve insulin sensitivity and thereby preserve β-cell function \[[@B11][@B35][@B36]\]. It is difficult to determine why our study showed better glucose-lowering efficacy than previous reports. However, it may be partly attributed to the different pathophysiology of diabetes between Caucasian and Asians patients, including Koreans. Compared with Caucasian patients, Asian patients with T2DM have reduced β-cell function and higher insulin sensitivity \[[@B37][@B38]\]. There might be also some differences in the pharmacokinetic concentration and pharmacodynamic response of SGLT2 inhibitors between Asians and Caucasian T2DM populations caused by body size difference, similar to those observed in DPP4 inhibitors \[[@B39][@B40]\]. Therefore, differences in ethnic group and characteristics of the study population seem to influence the findings of our study. In addition, our study participants may have greater β-cell deterioration due to the long disease duration (\>10 years), which may result in higher baseline HbA1c than those in the previous RCTs. This could further contribute to a greater reduction to SGLT2 inhibitors in the present study.

In addition to HbA1c, we observed improvements in FPG (−25.1 mg/dL), body weight (−2.1 kg), systolic BP (−4.7 mm Hg), and diastolic BP (−1.3 mm Hg). These findings were comparable to meta-analysis data of RCTs that showed significant reduction in FPG of 19.8 to 34.2 mg/dL, body weight of 1.6 to 2.5 kg, systolic BP of 2.8 to 4.9 mm Hg, and diastolic BP of 1.5 to 2.0 mm Hg \[[@B7]\]. Further, SGLT2 inhibitors significantly improved serum TG levels (−16.5 mg/dL) in the current study, which is consistent with the findings of RCTs, whereas, HDL-C and LDL-C did not differ between baseline and 12 weeks after treatment. Because majority of patients were already receiving statin therapy, treatment with SGLT2 inhibitors may not result in meaningful changes in lipid profiles. However, given the limited number of our study participants, further studies are needed to investigate this issue. Although we could not evaluate the incidence of major adverse cardiovascular events due to the short treatment period, the observed significant improvements in cardiometabolic parameters suggest a potential microvascular and macrovascular benefit with SGLT2 inhibitors.

Due to retrospective nature of this study, we examined relative reduction in HbA1c after switching from several OADs to SGLT2 inhibitors, instead of direct comparison of glucose-lowering efficacy between SGLT2 inhibitors and other OADs. Switching to SGLT2 inhibitors demonstrated significant reduction in HbA1c of −0.42% regardless of previous OAD classes, including DPP4 inhibitor, SU, and TZD. A total of 122 patients (60.1%) showed reduction in HbA1c with SGLT2 inhibitors, and 105 (51.7%) showed more than 0.3% reduction in HbA1c in the switch group. FPG and serum TG were also substantially reduced after 12-week treatment with SLGT2 inhibitors. Furthermore, switch therapy to SGLT2 inhibitors showed additional benefits for reduction of body weight and systolic BP. Because all switch and add-on regimens showed significant glycemic improvement with SGLT2 inhibitor, we considered the possibility of selection bias in our study participants; if patients who stopped SGLT2 inhibitors early due to poor treatment response were excluded from the analysis, the glycemic efficacy may be overestimated. Hence, we thoroughly reviewed 12 patients who were excluded in the final analysis due to poor adherence to SGLT2 inhibitors ([Fig. 1](#F1){ref-type="fig"}). There was only one patient who stopped the medication because of poor glycemic response, and she took high-dose glucocorticoid during the period when she was receiving dapagliflozin. Considering the degree of HbA1c reduction after switching to SGLT2 inhibitors, it is possible that altering OAD itself may improve the patients\' lifestyle in a positive direction, which may further enhance glycemic and cardiometabolic parameters. Collectively, our findings suggest that switching to SGLT2 inhibitors may be an attractive regimen in patients with inadequately controlled T2DM in the real-clinical practice.

We analyzed the clinical predictors of a good response to SGLT2 inhibitors. Higher glycemic parameters and no treatment with insulin therapy were linked with a SGLT2 inhibitor response. A previous study showed that younger age, male sex, higher glycemic parameter, lower BMI, short duration of T2DM, and higher eGFR were linked to a good response to dapagliflozin in Korean patients \[[@B16]\]. This study defined the good responder as a ≥10% reduction in HbA1c value after 12 weeks of dapagliflozin, and add-on and switch group were not separately analyzed.

In the current study, the overall incidence of self-reported hypoglycemia and genital tract infections was similar or slightly lower than those reported in RCTs (6.3% in hypoglycemia; 2.2% in genital tract infection) \[[@B32][@B41][@B42][@B43][@B44][@B45][@B46][@B47]\]. When we considered the cases who discontinued SGLT2 inhibitor early due to these adverse events---mild vaginitis (*n*=1) and hypoglycemia (*n*=1)---their overall incidences were still low. All reported cases of hypoglycemia and genital symptoms were mild in our study. No clinically relevant adverse hepatic or renal event and diabetic ketoacidosis were observed during the treatment period. This further supports the safety profiles of SGLT2 inhibitors shown by RCTs in a real-world setting.

There are several limitations of our study to be considered. First, because this was a retrospective study, there was substantial heterogeneity across the background glucose-lowering therapy for individual patients. In addition, we could not systematically collect information about adverse events. In the present study, the occurrence of adverse events including hypoglycemia and genital tract infection were determined by self-report from patients. Hence, there may be missing data and misdiagnosis for the safety profiles related to SGLT2 inhibitors. For example, in the case of genital infection, it is possible that confusion with urinary tract infection has occurred. Second, because a substantial proportion of patients was receiving dapagliflozin (10 mg), direct comparisons of glucose-lowering efficacy and drug-related safety profiles according to the dose and type of SGLT2 inhibitor were not possible. Third, because canagliflozin is not yet commercially available in South Korea, and dapagliflozin and empagliflozin are the only available SGLT2 inhibitors in our institution, we collected data for these two drugs. Fourth, this study was conducted over a relatively short 12-week period. Thus, further studies are needed to investigate long-term effect and tolerability of SGLT2 inhibitors in real clinical practice.

Despite these limitations, the present study is valuable to investigate the real-world efficacy and safety profiles of SGLT2 inhibitors in Korean patients and to comparatively assess them based on the various combination regimens of SGLT2 inhibitors. There have been few real-world studies of SGLT2 inhibitors reported in Koreans. Previous two studies evaluated the efficacy and safety of dapagliflozin or empagliflozin-based quadruple therapy in Koreans \[[@B17][@B18]\]. Another Korean study examined the efficacy of dapagliflozin and clinical characteristics of good responders to dapagliflozin \[[@B16]\]. Our study is the first Korean study that analyzed the efficacy and safety of dapagliflozin and empagliflozin as add-on or switch therapy in various combinations of background glucose-lowering therapy.

In conclusion, SGLT2 inhibitors as add-on or switch therapy resulted in a greater reduction in HbA1c in Korean patients with inadequately controlled T2DM in a real-world setting. SGLT2 inhibitors also demonstrated substantial reductions in body weight and BP and improvement of lipid profiles. These findings indicate that SGLT2 inhibitors as add-on or switch regimen may be applicable in real clinical practice, particularly in patients with inadequately controlled T2DM under treatment with dual or triple drug combinations.
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###### Baseline demographic and clinical characteristics

![](dmj-43-590-i001)

  Characteristic                                                                  Overall (*n*=410)   Add-on (*n*=207)   Switch (*n*=203)   *P* value
  ------------------------------------------------------------------------------- ------------------- ------------------ ------------------ -----------
  Age, yr                                                                         59.6±11.8           60.1±10.9          59.1±12.6          0.398
   ≥65                                                                            154 (37.6)          77 (37.2)          77 (37.9)          0.878
  Female sex                                                                      236 (57.6)          126 (60.9)         110 (54.2)         0.171
  Height, cm                                                                      161.6±8.5           161.3±7.9          161.8±9.1          0.612
  Body weight, kg                                                                 71.6±14.9           71.0±13.6          72.3±16.4          0.437
  Body mass index, kg/m^2^                                                        27.3±4.7            27.0±4.1           27.6±5.3           0.272
  Systolic blood pressure, mm Hg                                                  130.3±13.5          131.5±13.5         129.0±13.4         0.075
  Diastolic blood pressure, mm Hg                                                 77.7±9.8            78.7±9.6           76.6±9.8           0.052
  Duration of diabetes, yr                                                        12.0±8.2            12.5±8.6           11.4±7.7           0.200
  Insulin therapy                                                                 154 (37.6)          78 (37.7)          76 (37.4)          0.960
   Titration of insulin dose (\>10% of baseline) during SGLT2 inhibitor therapy   31 (20.1)           15 (19.2)          16 (21.1)          0.778
  Subtype of SGLT2 inhibitor                                                                                                                0.001
   Dapagliflozin                                                                  327 (79.8)          179 (86.5)         148 (72.9)         
   Empagliflozin                                                                  83 (20.2)           28 (13.5)          55 (27.1)          
  HbA1c, %                                                                        8.5±1.2             8.6±1.1            8.4±1.2            0.099
   ≥7.0% and \<8.0%                                                               158 (38.5)          70 (33.8)          88 (44.4)          0.047
   ≥8.0% and \<9.0%                                                               137 (33.4)          75 (36.2)          62 (30.5)          0.222
   ≥9.0%                                                                          115 (28.0)          62 (30.0)          53 (26.1)          0.386
  Fasting plasma glucose, mg/dL                                                   156.6±42.6          164.8±42.4         148.4±41.3         \<0.001
  Total cholesterol, mg/dL                                                        152.6±29.2          153.4±29.2         151.8±29.2         0.571
  Triglyceride, mg/dL                                                             156.4±96.6          161.1±110.5        151.7±80.0         0.330
  HDL-C, mg/dL                                                                    45.3±10.7           45.7±11.1          45.0±10.3          0.509
  LDL-C, mg/dL                                                                    82.1±24.2           81.6±22.5          82.7±25.9          0.664
  Fasting C-peptide, ng/mL                                                        2.5±1.5             2.5±1.5            2.4±1.6            0.649
  Fasting insulin, mIU/L                                                          14.7±7.7            15.8±8.5           12.6±6.1           0.341
  HOMA-β                                                                          65.0±37.5           64.6±40.1          65.7±34.6          0.948
  HOMA-IR                                                                         5.7±3.0             6.2±3.1            4.6±2.7            0.238
  Aspartate aminotransferase, U/L                                                 31.0±18.3           30.4±17.7          31.6±19.0          0.506
  Alanine aminotransferase, U/L                                                   35.8±27.4           35.6±28.6          36.0±26.1          0.907
  Serum creatinine, mg/dL                                                         0.78±0.19           0.77±0.18          0.80±0.21          0.146
  eGFR, mL/min/1.73 m^2^                                                          91.1±22.8           91.8±22.9          90.5±22.8          0.582
  Hypertension                                                                    297 (72.4)          151 (72.9)         146 (71.9)         0.816
  Dyslipidemia                                                                    348 (84.9)          175 (84.5)         173 (85.2)         0.847
  Cardiovascular disease                                                          94 (22.9)           43 (20.8)          51 (25.1)          0.295
  Medication                                                                                                                                
   Statin                                                                         243 (83.7)          173 (83.6)         170 (83.7)         0.963
   Fenofibrate                                                                    25 (6.1)            13 (6.3)           12 (5.9)           0.876
   Omega-3 fatty acid                                                             6 (1.5)             4 (1.9)            2 (1.0)            0.425
   ACEi/ARB                                                                       246 (60.0)          126 (60.9)         120 (59.1)         0.717
   Anti-platelet agent                                                            223 (54.4)          118 (57.0)         105 (51.7)         0.283

Values are presented as mean±standard deviation or number (%). Hypertension is defined as a systolic blood pressure ≥140 mm Hg, or diastolic blood pressure ≥90 mm Hg, or taking anti-hypertensive medication. Dyslipidemia is defined as a total cholesterol ≥240 mg/dL or taking lipid-lowering agents \[[@B2]\].

SGLT2, sodium-glucose cotransporter-2; HbA1c, glycosylated hemoglobin; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-β, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin resistance; eGFR, estimated glomerular filtration rate; ACEi, ACE inhibitor; ARB, angiotensin II receptor blocker.

###### Changes in measurements after 12 weeks of treatment with sodium-glucose cotransporter-2 inhibitors
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  Variable                 Baseline    Week 12     LS mean change from baseline (95% CI)   Difference in LS mean change (95% CI)^a^
  ------------------------ ----------- ----------- --------------------------------------- ------------------------------------------
  HbA1c, %                                                                                 
   Overall (*n*=410)       8.5±0.1     7.8±0.1     −0.68 (−0.78 to −0.58)^b^               −0.52 (−0.68 to −0.37)^c^
    Add-on (*n*=207)       8.6±0.1     7.6±0.1     −0.94 (−1.05 to −0.83)^b^               
    Switch (*n*=203)       8.4±0.1     8.0±0.1     −0.42 (−0.53 to −0.30)^b^               
  FPG, mg/dL                                                                               
   Overall (*n*=410)       156.6±2.1   131.5±1.6   −25.1 (−29.5 to −20.8)^b^               −10.5 (−16.6 to −4.4)^c^
    Add-on (*n*=207)       164.8±2.9   128.5±2.2   −30.3 (−34.6 to −26.1)^b^               
    Switch (*n*=203)       148.4±2.9   134.5±2.3   −19.8 (−24.1 to −15.6)^b^               
  TG, mg/dL                                                                                
   Overall (*n*=410)       157.0±5.1   140.6±3.7   −16.5 (−24.2 to −8.7)^b^                −2.7 (−14.0 to 8.5)
    Add-on (*n*=207)       160.8±8.1   141.0±5.3   −17.8 (−25.6 to −9.9)^b^                
    Switch (*n*=203)       153.1±6.0   140.1±5.3   −15.1 (−23.1 to −7.1)^b^                
  HDL-C, mg/dL                                                                             
   Overall (*n*=410)       45.4±0.6    45.8±0.5    0.5 (−0.3 to −1.2)                      0.6 (−0.8 to 2.0)
    Add-on (*n*=207)       45.7±0.8    46.4±0.7    0.8 (−0.2 to 1.7)                       
    Switch (*n*=203)       45.0±0.8    45.2±0.8    0.1 (−0.8 to 1.1)                       
  LDL-C, mg/dL                                                                             
   Overall (*n*=410)       82.4±1.2    80.5±1.3    −1.9 (−4.1 to 0.3)                      2.0 (−2.0 to 6.0)
    Add-on (*n*=207)       81.6±1.6    81.0±1.7    −0.9 (−3.7 to 1.9)                      
    Switch (*n*=203)       83.2±1.9    80.0±1.9    −2.9 (−5.8 to 0.1)                      
  Body weight, kg                                                                          
   Overall (*n*=410)       74.6±1.2    72.5±1.1    −2.1 (−2.4 to −1.7)^b^                  0.5 (−0.3 to 1.1)
    Add-on (*n*=207)       74.1±1.5    72.3±1.5    −1.9 (−2.4 to −1.5)^b^                  
    Switch (*n*=203)       75.2±1.8    72.8±1.7    −2.4 (−2.8 to −1.9)^b^                  
  SBP, mm Hg                                                                               
   Overall (*n*=410)       130.1±0.7   125.4±0.7   −4.7 (−6.1 to −3.3)^b^                  1.1 (−1.3 to 3.5)
    Add-on (*n*=207)       131.3±1.0   126.5±1.0   −4.2 (−5.9 to −2.6)^b^                  
    Switch (*n*=203)       128.8±1.0   124.2±1.0   −5.3 (−7.0 to −3.6)^b^                  
  DBP, mm Hg                                                                               
   Overall (*n*=410)       78.7±0.7    77.3±1.0    −1.3 (−2.4 to −0.2)^b^                  0.6 (−1.4 to 2.7)
    Add-on (*n*=207)       78.4±0.7    77.1±1.0    −1.0 (−2.5 to 0.4)                      
    Switch (*n*=203)       76.5±0.7    75.3±0.7    −1.7 (−3.2 to −0.2)                     
  eGFR, mL/min/1.73 m^2^                                                                   
   Overall (*n*=410)       91.4±1.2    91.8±1.2    0.4 (−1.0 to 1.8)                       −1.9 (−4.7 to 0.8)
    Add-on (*n*=207)       91.9±1.6    91.3±1.6    −0.6 (−2.6 to 1.4)                      
    Switch (*n*=203)       90.8±1.7    92.3±1.8    1.5 (−0.4 to 3.5)                       

Values are presented as mean±standard error.

LS, least square; CI, confidence interval; HbA1c, glycosylated hemoglobin; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate.

^a^Difference in the LS mean change, which was calculated as add-on therapy minus switch therapy, ^b^*P*\<0.05 from baseline in overall patients and each treatment group, ^c^*P*\<0.05 for the between-treatment group difference.

###### Changes in glycosylated hemoglobin after 12 weeks of treatment with sodium-glucose cotransporter-2 inhibitors as add-on therapy and switch therapy

![](dmj-43-590-i003)

  Variable                  Baseline   Week 12   LS mean change from baseline (95% CI)   Difference in LS mean change (95% CI)^a^
  ------------------------- ---------- --------- --------------------------------------- ------------------------------------------
  Add-on therapy                                                                         
   Overall (*n*=207)        8.6±0.1    7.6±0.1   −0.94 (−1.05 to −0.83)^b^               
    MET (*n*=58)            7.8±0.1    7.0±0.1   −1.20 (−1.39 to −1.02)^b^               \-
    MET+SU (*n*=19)         8.1±0.2    7.1±0.1   −1.16 (−1.46 to −0.86)^b^               −0.05 (−0.51 to 0.42)
    MET+SU+DPP4i (*n*=52)   8.9±0.2    7.7±0.1   −1.06 (−1.25 to −0.88)^b^               −0.14 (−0.50 to 0.22)
    Insulin (*n*=78)        9.0±0.1    8.1±0.1   −0.71 (−0.86 to −0.56)^b^               −0.49 (−0.84 to −0.15)^c^
  Switch therapy                                                                         
   Overall (*n*=203)        8.4±0.1    8.0±0.1   −0.42 (−0.53 to −0.30)^b^               
    DPP4i (*n*=114)         8.2±0.1    8.0±0.1   −0.33 (−0.50 to −0.16)^b^               \-
    SU (*n*=54)             8.7±0.2    8.2±0.2   −0.42 (−0.67 to −0.18)^b^               0.09 (−0.28 to 0.46)
    TZD (*n*=35)            8.3±0.1    7.9±0.2   −0.44 (−0.74 to −0.13)^b^               0.11 (−0.32 to 0.53)

Values are presented as mean±standard error.

LS, least square; CI, confidence interval; MET, metformin; SU, sulfonylurea; DPP4i, dipeptidyl peptidase 4 inhibitor; TZD, thiazolidinedione.

^a^Difference in the LS mean change, which was calculated as compared to adding MET in add-on group and switching from DPP4i in switch group, ^b^*P*\<0.05 from baseline in overall patients and each treatment subgroup, ^c^*P*\<0.05 for the between-treatment group difference.

###### Comparison of clinical characteristics between the good responders and the poor responders in overall patients
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  Characteristic                                            Good responder (*n*=171)   Poor responder (*n*=239)   *P* value
  --------------------------------------------------------- -------------------------- -------------------------- -----------
  Age, yr                                                   58.6±12.1                  60.4±11.6                  0.125
  Female, sex                                               97 (56.7)                  139 (58.2)                 0.839
  Body mass index, kg/m^2^                                  27.6±4.9                   27.0±4.5                   0.264
  Duration of diabetes, yr                                  11.1±8.2                   12.5±8.2                   0.091
  Subtype of SGLT2 inhibitor, dapagliflozin:empagliflozin   137:34                     190:49                     0.901
  Hypertension                                              121 (70.8)                 176 (73.6)                 0.575
  Dyslipidemia                                              145 (84.8)                 203 (84.9)                 0.968
  HbA1c, %                                                  8.8±1.3                    8.3±1.0                    \<0.001
  Fasting plasma glucose, mg/dL                             162.7±42.3                 152.3±42.4                 0.015
  Fasting C-peptide, ng/mL                                  2.6±1.6                    2.5±1.4                    0.609
  Fasting insulin, mIU/L                                    17.2±10.0                  12.7±5.0                   0.216
  HOMA-β                                                    58.8±49.0                  62.1±27.4                  0.682
  HOMA-IR                                                   7.1±3.6                    4.6±2.0                    0.044
  eGFR, mL/min/1.73 m^2^                                    93.1±23.9                  89.7±4.5                   0.137
  Insulin therapy                                           54 (31.6)                  100 (41.8)                 0.039

Values are presented as mean±standard deviation or number (%).

SGLT2, sodium-glucose cotransporter-2; HbA1c, glycosylated hemoglobin; HOMA-β, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin resistance; eGFR, estimated glomerular filtration rate.
